Magnetic resonance studies of the deuteron in KD2PO4 have been conducted which show the existence of deuteron jumping between and within hydrogen bonds. The experimental results help to explain electrical conductivity and ferroelectric phenomena in crystals of this type.
Then it is shown that both the magnitude and the temperature dependence of the interbond motion are in excellent agreement with conclusions which one would draw from the electrical. conductivity measurements based on the assumption that the sole contribution to conductivity is the diffusion of deuterons via the interbond jumps. Finally, a possible connection is established between the measured activation energy of intrabond jumps and the steepness of the polarization curve as predicted by one of the theories of ferroelectricity in these crystals. Fisica-Enrico Fermi (Zanidelli, Bologna, Italy, 1960) .
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The deuteron magnetic resonance spectrum, the components of the electric field gradient (EFG) tensor at the deuteron sites, and the nuclear relaxation times T1 and T~, together with the dependence of T~on temperature (particularly in the neighborhood of the ferroelectric transition temperature), and of TI on orientation of the crystal relative to the direction of the applied magnetic field, were known from a previous study. The low temperature measurements and all relaxation time measurements were made using a PoundKnight~spectrometer similar to that used by BU, and like theirs modified to allow operation at a very low level. The spectrometer output went through a, phase sensitive detector to a chart recorder. The magnetic 6eld was modulated at 30 cps. All measurements made using this spectrometer employed the same general method. With the system initially in equilibrium, the line of interest was passed through using a low rf level to determine the equilibrium signal height. This signal height is the peak-to-peak height of the derivative of the absorption curve obtained by varying the magnetic field Hp through resonance. The time of several seconds required to go through resonance was short compared to the spin system time constants, and at the low rf level used the percentage saturation resulting from going through the line was small, so that the assumption that signal height is proportional to spin level population dif."erence is justified. After determining the equilibrium signal height, the spin system was disturbed, and after an appropriate time interval the same line was passed through again at the same low rf level to obtain the new signal height. The disturbance of the spin system consisted in some cases of an application of strong rf to saturate one of the lines (reduce the population difference for the line to zero). In other cases the magnetic field Hp was reduced or removed. Fig. (5) , Ti" is used for Ti to indicate that it is shorter at the reduced field.
The experimental sequence followed in order to determine T~at reduced fields greater than 6000 gauss is shown in Fig. (6) . The populations were first equalized by turning the magnet off. This equilization was rapid because of the quadratic dependence of Ti on field (as long as IUTxr) 1).The field was then set to the desired value for a time of order T~", after which it was raised to 11950 gauss and the signal height was measured. The experimental results are compared in Fig. ( Above 240'K, strong coupling between X-and I'-spin systems exists, and consequently this procedure yielded Ti 2(I'x+I'r) '--. Below 220'K weak coupling exists, and the quantity measured was Tip'=P'y' '.
The dashed lines in Fig. (8) represent the transition probabilities for three relaxation mechanisms which are postulated for the deuteron in this crystal, and the solid line is the sum of these transition probabilities. The component due to jumps between bonds is shown as calculated from the experimentally confirmed expressions as previously described.
The horizontal dashed line in Fig. (8) Above T" the other relaxation mechanisms dominate to such an extent that more precise information on the spin diffusion mechanism is difficult to obtain. Below T"spin diffusion is probably the only important relaxation mechanism. A few experimental points to the right of the vertical line at T, in Fig. (8) The hypothesis of random deuteron jumps within bonds which disappear rapidly below the Curie temperature is allowed by the neutron diffraction data of Bacon and Pease" on KH2PO4 which show an elongated proton distribution above T, and a more concentrated distribution below T,. This hypothesis is now put on a firmer basis by the relaxation measurements, and in particular, by measurements of I'& and I'2 separately.
These measurements consisted of three sequences for disturbing and subsequently measuring population differences at temperatures for which I'x~is not of the same order of magnitude as I'j and I'2. The corresponding equations for population differences during these sequences were solved for I'~and I'~with the redundant equation used to improve the accuracy.
One of these sequences is similar to that of Fig. ( 6) except that, immediately after ending the zero field period, the field was increased to its original value. The ratio of the subsequently measured signal height to the equilibrium value gives the time constant T j = (Pi+2P&) ' with which the spin system returns to equilibrium.
The other two sequences begin with the application of a saturating rf to one of the resonance lines. As shown in Fig. (9) 
The experimental result at 215'K that in the Z rotation I'~is a maximum and I'2 is zero for Oz=90 is predicted by Eqs. (12) and (13) Other orientations in X rotation will not be required.
These are the field gradient components which are to be substituted into the equations P, = 4r e'Q'T u.ir -'[(AIt, . ;)'+(gy"g.)'j, (11) obtained from Eqs. (34) and (35) (1960) . spectively, and in addition the sign of 3 depends on the sign of S].Consequently, the X+ and X deuterons which are present in a single domain of the polarized crystal will have the same resonant frequencies since they will have moved to opposite ends of their respective bonds, as seen in Fig. 10. V. CONNECTION WITH ELECTRICAL CONDUCTIVITY Following a suggestion of Onsager" that deuteron (or proton) jumping between bonds might govern electrical conductivity in KH&PO4 type crystals, measurements of conductivity as a function of temperature were made. Upon application of a potential difference, the current through the crystal rises quickly to a maximum value and then decays to an equilibrium value. Upon removal of the potential difference, the current reverses direction and then decays to zero. Fig. 2 have been adjusted on this basis.
The values are o = 1.16X 10 " (ohm cm) ' for the c-axis conductivity at 25'C with an activation energy of 0.582&0.020 ev. These values are of the same order of magnitude as obtained by Mason'4 for KH&PO4 where the proton is responsible for the conductivity.
As shown in Fig. 2 
where e and T are the carrier and total deuteron concentrations respectively, 6 is the probability that the moving deuteron changes identity in moving a distance ), g is the probability that an X deuteron after becoming a carrier comes to rest in a I" bond, and the numerical factor depends on the model. The factor 6 is appropriate for isotropic jumps through a fixed distance (a) Theories which take account of long-range but not short-range interactions. The hydrogen bond is assumed to be symmetrical about its midpoint in the absence of polarization or external fields. Spontaneous polarization is a consequence essentially of a Boltzmann distribution over a few lowest lying energy levels.
(b) Order-disorder theories which neglect the long range forces but not the near-neighbor interactions. The role of the hydrogen bond is to contribute a proton to one or the other of the atomic groups con-5 A. Einstein, Ann. Physik 19, 3'?1 (1906) ; J. Kirkwood, J. Chem. Phys. 14, 180 (1946 Table III. 
